A study was conducted to evaluate the yield of nutrient-rich potato clones in high-hill districts: Dolakha and Jumla of Nepal during the years 2013 and 2014, respectively. Fourteen potato clones were tested as on-station and on-farm experiments at both districts, and those fourteen clones were compared to 'Lady Rosita' and 'Jumli Local' respectively as the check varieties in the first year experiment, 2013. Eight promising clones were selected from the first year experiment, and were evaluated and compared with same local varieties in the consecutive year, 2014. Two clones namely; CIP 395112.32 (19.3 tha -1 ) and CIP 393073.179 (17.8 tha -1 ) exhibited superior marketable tuber yield than that of 'Lady Rosita'(14.2 tha -1 ) in Dolakha and five CIP clones namely; 395112.32 (25.5 tha -1 ), 393073.179 (22.5 tha -1 ), 394611.112 (20.9 tha -1 ), 390478.9 (19.9 tha -1 ) and 395017.229 (17.0 tha -1 ) showed higher marketable tuber yield than 'Jumli Local'(14.5 tha -1 ). Based on two years' phenotypic and tuber yield result, clones CIP 395112.32 and CIP 393073.179 are recommended to potato growers at high hills of Nepal for commercial cultivation.
INTRODUCTION
Potato is an important crop for food security in the high-hills of Nepal contributing substantially to the livelihood of resourcepoor farmers in mountains (NPRP 2014) . Despite its huge importance, its productivity in mountain districts is estimated to be around 10.1 t ha -1 which is lower than the national average of 13.6 t ha -1 (ABSPD 2013). Traditional potato varieties those predominantly grown in high-hills are low-yielding with poor nutritional qualities (NPRP 2014) . In order to feed the galloping population and fulfill high nutrition requirement of the people, there is much mu need to select for providing high yielding and nutrition-rich improved potato varieties in high hills of Nepal. Journal of Nepal Agricultural Research Council Vol. 3: 06-14, May 2017 ISSN: 2392 , 2392-4543 (Online) DOI: http://dx.doi.org/10.3126/jnarc.v3i1.17269 Yield evaluation of nutrient-rich potato claors by BP Luitel et al Stunting and underweight caused by malnutrition are severe problems in children of mountain regions (NPC 2010) . Potato is a potential crop to alleviate such problems owing to its important source of vitamins and minerals. International Potato Center (CIP), Peru has developed nutrition-rich potato varieties through complement resistance breeding since 2009. Through dietary diversification of the people, CIP developed bio-fortified varieties containing high content of zinc and iron which can play vital role to reduce hunger of mountain regions and can fulfill the micronutrient requirement thereby helping to reduce malnutrition of mountain regions (www.harvestplus.org). Therefore, genotypic evaluation in stress-prone mountain regions can be the best approach to select location-specific, high yielding and nutrient-rich varieties.
National Potato Research Program (NPRP) has released ten potato varieties from CIP genetic materials and recommended for commercial cultivation at different agro-ecological regions of Nepal (NPRP 2014) . But these varieties are not nutrient-rich and unable to address the present needs of consumers. In general, the released varieties 'IPY-8' and 'Khumal Laxmi' yielded 25 to 27 t ha -1 and 24 to 28 t ha -1 , respectively on hills and terai regions of Nepal (Khatri et al 2010) . Similarly, the average yield of 'Khumal Ujjwol' and 'Khumal Upahar' were reported to be 25 tha -1 and 24 t ha -1 , respectively (Khatri et al 2015) . Variety development is a continuous process to replace obsolete varieties by new and high yielding ones. Variety testing and selection scheme of NPRP involve a series of on-station and on-farm experiments in Nepal. But resource-poor farmers from high hill have less access to the most appropriate cultivars under the existing system of variety testing and identification. Genotypes performed well in on-station trials may yield lower or fail completely in farmers' fields, when the plant encounters more challenges. On-farm trials are important to speed up the variety development process and enhance the adoption of new varieties in farm communities (Romney et al 2003 , Assefa et al 2005 . Therefore, to evaluate and select high yielding nutrient-rich potato varieties suitable for targeted environments, various on-station and on-farm experiments were undertaken simultaneously with CIP clones. (CIP, 2014) were introduced to NPRP and multiplied at tissue culture laboratory in 2011. Pre-basic seeds (PBS) of each clone were produced in screen-house in the year 2011 and seed tubers were further multiplied at Hattiban Research Farm, Khumaltar in 2012 to fulfill the requirement of planting materials. Seed tubers were stored in cold-store for four months after harvesting and then, prepared for experiments in 2013.
MATERIALS AND METHODS

Experimental materials and location
Nucleus Seed Potato Center (NSPC), Nigaley, Sindhupalchok (27°40'44'' N and 85° 55'56'' E, 2, 550 masl) and farmers' fields of Sindhupalchok and Dolakha districts were selected as the experimental sites of central hills and Agriculture Research Station (ARS), Rajikot, Jumla (28° 28' N, 81° 28' E, 2,330 masl) and farmers' fields from Patmara and Talium villages were selected as research sites from western hills in Jumla district. Experiments in Dolakha and Jumla were carried out by two independent institutions, respectively, NPRP, Khumaltar for the first and Local Initiatives for Biodiversity Research and Development (LI-BIRD) for the latter. 'Lady Rosita' a very popular farmers' variety in Dolakha and 'Jumli Local' in Jumla were used as the check variety in both on-station and on-farm trials.
Experimental procedure Experiment I: Two experiments were conducted simultaneously at each site; Dolakha and Jumla in 2013. In Dolakha, onstation experiment consisted of fourteen clones and a check variety 'Lady Rosita'. The clones were arranged in randomized complete block design (RCBD) with three replications. Well-sprouted tubers were planted at the spacing of 60cm x 25cm having the plot size of 5.4 m 2 and trial was planted in February 7, 2013 at NSPC, Nigaley. Fertilizers and farmyard manure (FYM) were applied at the rate of 100:100:60 NP 2 O 5 K 2 O kgha -1 and 20 t ha -1 , respectively as per the recommendations. All the fertilizers and FYM were used as basal dose at the time of planting.
A set (fourteen clones along with a local check) of clones were planted in four farmers' field, which was considered onereplica of the experiment and the plot size was maintained at 2.4m 2 . Fertilizers used were the same as on-station experiments and agronomic practices were also followed as per the recommendation of NPRP (NPRP 2014). On-station trial was planted in Agriculture Research Station (ARS), Rajikot in April 14, 2013 following the same protocol of on-station and on-farm experiments of Dolakha. Cultural practices at both sites were followed as per the recommendations of NPRP.
Experiment II: Eight CIP clones (395112.32, 395017.229, 394611.112, 395017.242, 393617.1, 399078.11, 393073.179 and 394613.139) were selected from first year and compared to local check 'Lady Rosita' in both on-station and on-farm experiments in Dolakha. On-station trial was planted on February 10, 2014 and trial was arranged in RCBD with three replications. Plot size, spacing and all other intercultural practices were used as same as in experiment I. On-farm trials consisted of six farmers and a set (eight clones and a check variety 'Lady Rosita') of potato varieties were planted at each six farmers' field. The plot size was 5.4m 2 for each genotype and spacing and fertilization were similar as experiment I. In Jumla, eight clones were similar to Dolakha (except CIP 394613.139) but CIP 390478.9 (Tacna) and local check 'Jumli Local' were used instead of CIP 394613.139 and 'Lady Rosita'. For Jumla, the methodologies adopted were the same as in Dolakha experiment II. On-station and on-farm trials were planted on April 20, 2014 in Jumla and cultural practices were adopted as per the methods followed in experiment I.
Observation and statistical analysis: Experiments I and II in both sites were harvested in August, 2013 and 2014, respectively. Total numbers of tuber produced plant -1 at both experiments were recorded. The tuber size ranging from 25-50 g to > 50 g in size was categorized as marketable tuber according to Khatri and Luitel (2014) . Marketable tuber weight plant -1 and marketable tuber yield was calculated using methods described by De Haan et al (2014) . Maturity period and tuber characters (color, flesh color, shape and eye depth) of clones were assessed in experiment using protocol developed by Khatri and Luitel (2014) . The quantitative data recorded in experiment I and experiment II were analyzed using GenStat Discovery Edition. Least Significant Difference (LSD) values at 0.05 level of probability for each variable are presented. Average marketable tuber yield of potato clones in experiment I and II at both research sites were computed using Microsoft Excel (version 10.0; Microsoft, Redmond, WA, USA).
RESULTS
Yield evaluation in experiment I
The result of total tuber plant -1 , marketable tuber weight plant -1 and marketable yield of tested clones in on-station trials at both locations are presented in Table 1 . The clone CIP 395017.229 had the highest (12) total tuber number plant -1 in Dolakha followed by CIP 394611.112 (11) and CIP 399067.22 (11), respectively but values were not significantly (P≤0.01) different. In Jumla, total tuber number plant -1 produced the highest (6) by the clones CIP 392740.4, CIP 393382.44, CIP 394611.112, CIP395017.229 and 'Jumli Local'. Average tuber number plant -1 was highest (9) in CIP 394611.12 and CIP 395017.229 (9). Marketable tuber weight plant -1 was highly significant (P≤0.01) among the clones tested in both the locations. Average marketable tuber weight plant -1 was produced the highest in CIP 395112.32 (308) followed by CIP 395017.229 (247) and CIP 393073.179 (235). Highly significant (P≤0.01) difference was observed in marketable yield among all the clones in both the locations. Clone CIP 395112.32 yielded the highest (20.5 t ha -1 ) over the locations followed by CIP 395017.229 (16.6 t ha -1 ) and CIP 393073.179 (15.7 t ha -1 ). Table 2 . In Dolakha, the highest number of tuber plant -1 was recorded in 'Lady Rosita' (9) followed by CIP 395112.32 (8). But in Jumla, it was recorded the highest (7) in CIP 394611.112 and CIP 395017.242, whereas the lowest (2) in CIP 392740.4. Pooled mean over the locations revealed the highest tuber number (9) in CIP 394611.112 and CIP 395017.229. In Dolakha, CIP 395112.32 yielded the highest (422 g) marketable tuber weight plant -1 , but it was highest in CIP 395017.242 (465 g) in Jumla. Marketable tuber yield was highly significant (P≤0.01) among the tested clones. Clone CIP 395112.32 gave the highest yield (28.1 Mt.ha -1 ) in Dolakha but in Jumla, clone CIP 395017.242 was the highest (31.0 tha -1 ) yielder followed by CIP 395017.229 (28.0 tha -1 ) and CIP 395113.32 (24.9 tha -1 ). The average tuber yield was highest (26.5 tha -1 ) in CIP 395112.32 followed by CIP 395017.229 (16.6 t ha -1 ). Maturity type of potato clones and tuber characters has been shown in Table 3 . CIP 390478.9, CIP 394613.139, and CIP 399067.22 were observed as early maturing clones, while rests of the clones were medium to late maturing types. Out of 14 clones tested, six were red-skinned and remaining were white skinned types. Flesh color was varied from yellow to creamy type. Tubers of six clones were yellow fleshed and remaining eight was creamy. Tubers of CIP 395112.32, CIP 393073.179, and CIP 399078.11 had oval shaped tubers, whereas rests were long, oblong, round and round-flat type tubers type. Most of the tested clones were observed shallow eyed tubers (Table 3) . Based on mean yield and tuber characters, clones CIP 395112.32, CIP 395017.229, CIP 394611.112, CIP 395017.242, CIP 393617.1, CIP 399078.11 and CIP 393073.179 were selected from both the places. In addition, CIP 394613.139 and CIP 390478.9 were selected as promising clones from Dolakha and Jumla, respectively. 
Yield evaluation in experiment II
Total tuber number, marketable tuber weight and yield of potato genotypes tested in on-stations experiments at both districts are given in Table 4 . Total tuber number plant -1 was highly significant (P≤0.01) at both the sites. In Dolakha, the average tuber number was counted the highest in the clone CIP 394611.112 (7) and 'Lady Rosita' (6) but in Jumla, the highest (12) tuber yield was obtained in 'Jumli Local'. Average number of tuber were produced the highest (7) The analyzed data on tuber number, marketable tuber weight and yield of potato clones in on-farm experiments from both the districts is presented in Table 5 . Tuber number plant -1 was produced highest by the clone CIP 394611.112 (7) in Dolakha but 'Jumli Local' produced the highest (14) in Jumla. Highest (7) average tuber number plant -1 were counted in CIP 394611.112. Marketable tuber weight was significant (P≤0.05) among the potato genotypes tested in Dolakha district. Clone CIP 393073.179 yielded the highest marketable tuber weight (302 g) and the lowest (83 g) was in CIP 399078.11. In Jumla, CIP 390478.9 gave the highest (676.0 g) weight of marketable tuber plant -1 followed by CIP 395112.32 (574 g). The average marketable tuber weight was highest (412 g) in CIP 395112.32 and the lowest (144 g) in CIP 393617.1. Marketable tuber yield was found highly significant (P≤0.01) among the clones.CIP 393073.179 and CIP 395112.32 produced the highest yield in Dolakha (20.1 tha -1 ) and Jumla (38.3 t ha -1 ), respectively whereas, the average marketable tuber yield produced the highest (27.5 t ha -1 ) in CIP 395112.32. 
Marketable tuber yield between on-station and on-farm:
In Dolakha and Jumla, CIP 393073.179 performed well at onstation followed by CIP 395112.32 ( Figure 1A) . But in on-farm condition at both locations, CIP 395112.32 exhibited higher yield compared to other tested clones and check varieties 'Lady Rosita' and 'Jumli Local' (Figure 1B) . At on-station and onfarm experiment of both the locations, CIP 395112.32 and CIP 393073.179 were found high yielding potato clones. 
A B
In Dolakha, CIP 395112.32 and CIP 393073.179 had 5.1 and 3.7 t ha -1 of yield difference with 'Lady Rosita', respectively (data not shown), whereas yield increment of both genotypes over 'Lady Rosita' was 35.9 and 25.4%, respectively (Table 6) . CIP 394611.112 and CIP 395017.229 exhibited negative yield difference (-0.8 and -0.7 t ha -1 ) with 'Lady Rosita' indicating the inferiority over check variety (data not shown). In Jumla, CIP 395112.32, CIP 393073.179, CIP 394611.112, CIP 390478.9 and CIP 395017.229 exhibited the yield difference of 10.7, 7.7, 6.2, 5.2 and 2.3 t ha -1 with 'Jumli Local' (data not shown). In this result, yield increment of CIP 390478.9 was by 37.2% over 'Jumli Local' and this genotype performed well only in Jumla. 
DISCUSSION
This study evaluated the nutrient-rich potato clones at high hills districts: Dolakha and Jumla of Nepal which represents the central and mid-western region of Nepal, respectively. Potato is very important crop for food and nutritional security in these regions (Luitel et al 2016b) . New potato varieties can be developed from different approaches but NPRP has followed the method of testing and evaluation of advanced clones bred by CIP, Peru (PRP 2000) . Generally, popular cultivars are difficult to be replaced but cultivar development is continuous process (Struik and Wiersema 1999) . Cultivar characters affect not only yield but also production costs, environmental issues (eg requirement of pesticides), postharvest losses and yield of future crops. The on-station and on-farm experiments in both the years revealed that genotypes showed significantly different in total tuber plant -1 , marketable tuber weight plant -1 and marketable tuber yield in Dolakha and Jumla. Tuber yield is a complex trait that is influenced by many factors. It is mainly affected by environmental factors and cultivar (Struik and Wiersema 1999) . The environmental factors including soil temperature, moisture, light intensity, nutrient supply and proper control of disease and pests affect the tuber yield (Struik and Wiersema 1999) . The significant (P≤0.05) variation in tuber plant -1 , tuber weight plant -1 and marketable tuber yield observed within the location might have been due to genotypic or varietal factor. And similar results were reported by previous studies (Hassanpanah et al 2011 , Marwaha et al 2007 . High tuber yield may be due to good plant emergence and better plant growth but this study lacks the vegetative data to explain it. It may also be associated with higher number of tuber plant -1 (Mehdi et al 2008 , Patel et al 2008 . Besides, long growing period or crop maturity period affects the yield of potato varieties (Wang et al 1995) . A significant variation observed in marketable yield at on-station and on-farm trials indicated that same genotype performed differently in different environment and the similar observation of genotype-environment interaction was also reported by Belicka and Bleidere (2005) .
In Dolakha, 'Lady Rosita' is well-adaptive variety (personal observation). It is a red-skinned, round shaped tuber but wart susceptible (Luitel et al 2016a) . The average yield of 'Lady Rosita' is 13.0 t ha -1 (NPRP 2014) but in the present study, it exhibited high yield in on-farm condition ( Table 2) . In contrast, 'Jumli Local' is a white skinned, oblong shaped with predominantly small-sized tuber and low yielding variety (personal observation) but in this study, it performed better in onfarm than on-station (Table 5 ). The CIP 395112.32 is a late variety with high tuber number plant -1 and tuber weight plant -1 which might contribute to high yield at both locations. Most of the clones exhibited better yield in on-farm experiment compared to on-station. Yield gaps between on-station and on-farm may result from environmental differences, set of biological and socioeconomic condition (Crissman et al 1991) . Jumla is more dry than Dolakha and CIP 390478.9 was selected under the dry conditions of Southern Peru, and was released as variety 'Tacna' in Peru. This variety is insensible to photoperiod and tolerant to drought and it was also released in China under the name of 'Jizhangshu 8' and is now widely cultivated in drought-prone areas (CIP 2010). CIP 390478.9 yielded well in dry conditions (Carli et al 2014) and in our study in Jumla, it also gave better yield indicating that this genotype could be appropriate in Jumla.
Qualitative characters such as skin and flesh color, and eye depth are stable over the environments and therefore, tuber characters of studied potato genotypes at two locations did not change. In contrast, maturity class, tuber number and yield are influenced by environment (Struik and Wiersema 1999) . On the other hand, tuber shape, skin and flesh color, eye depth and general appearance are the distinctive quality parameters that influence consumer's choice (Pandey et al 2000) . Besides, tuber round to oblong in shape are suitable for chip making and long oval to very long oval shaped tubers are best for making French fries . In general, consumers prefer potatoes having shallow to medium eye depth (Kabira and Lemaga 2006) . CIP 395112.32 is resistant to late blight and acceptable rank of tuber appearance, taste and texture in Dolakha region (Luitel et al 2016a) . Likewise, CIP 393073.179, CIP 395112.32 and CIP 394611.112 exhibited acceptable quality for appearance, taste and texture (Luitel et al 2016b) .
CONCLUSION
The results clearly indicated the superiority of some introduced clones over the local varieties at the both the sites. CIP 395112.32 and CIP 393073.179 performed better both at on-station and on-farm trials in both the regions compared to local varieties. In Dolakha, two clones namely CIP 395112.32 and CIP 393073.179 showed superior yield over 'Lady Rosita' while in Jumla, CIP 395112.32, CIP 393073.179, CIP 394611.112, CIP 390478.9 and CIP 395017.229 exhibited higher marketable tuber yield than 'Jumli Local'. Therefore, CIP 395112.32 and CIP 393073.179 are selected as promising varieties at both Dolakha and Jumla regions whereas CIP 394611.112, CIP 390478.9 and CIP 395017.229 are recommended for further testing in Jumla district.
